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Summar

This contract deals with the incorporation and slow release of various
fluoride compounds in temporary restorative materials to impart antiplaque
and anticaries activity to the restorative material.

In the first phase of the study, we examined the effect of various
fluoride compounds on bacterial growth, metabolism and attachment. We
found that 10 ppm F~, a concentration that is compatible with a slow release
agent, was well below bacterial growth inhibition or bactericidal levels.
However, all fluoride compounds at this concentration produced decreased
acid production of plaque forming organisms. As well, NapSnFp, NaF and
SnF, appeared to affect the attachment mechanisms of S. mutans to enamel,
with SnFp being the most effective. An increase in both alkali and water
soluble glucans of the bacteria suggest that fluoride at low levels produces
unbalanced growth. The large accumulation of tin found in those organisms
treated with SnF, may account for the increased effectiveness of Snfj.

From this series of experiments, it appears that continuous exposure of SnFp
(10 ppm F~) has the most effect on S. mutans growth, metabolism and attach-
ment.

In the second phase of the experiment, we investigated the differences

between SnF, and SnCl, effect on plaque formation so that we could further

examine the antiplaque determinants of SnFp. SnFy had impressive antiplaque

properties with initial plaque formation but with lesser effects noted on
: preformed plaque. The decreased effectiveness of SnFy with preformed plaque

may be associated with the adhesion/cohesion altering properties of SnFp.

SnCl, was not as effective as SnFy probably due to the fact that fluoride

accumulates within bacterial cells while chloride does not. The tin moity

may passively enter the cells coupled to the fluoride ion, and the large

tin accumulation in SnF, treated plaque may be the most important antiplaque

determinant of SnFj.
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In the slow release mechanisms phase of the experiment, we spent con-
siderable time on incorporating fluoride into ZOE and IRM. It appears to
us now that these two materials are not well suited for the addition of
fluoride compounds due to their low compressive strengths. We have had
very good results, however, with incorporating pulverized San into poly-
carboxylate cement. Most remarkably, polycarboxylate cement with 70%

San still maintains a compressive strength of 9.7 K 1bs/in. In our slow
release studies, which we are currently performing, we have very encourag-

ing results with SnF2 incorporated into polycarboxylate cement.
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Effect of Continuous, Low Concentration of Fluoride Compounds on

Bacterial Growth, Acid Formation, and Attachment

Introduction
It is now obvious that the fluoride ion effects not only enamel sol-
ubility as previously thought, but may also effect caries activity and
plaque formation by altering bacterial growth and attachment. To date,
most of the studies published used NaF to look at the fluoride ion effect
on bacterial plaque. Few studies have compared the effects using one or
more different fluoride compounds. In those that did, SnF, appeared
more effective. Also, there have been only scattered studies or reviéws
on the effects of various fluoride compounds on bacterial growth, acid
production, polysaccharide production, and mechanisms of attachment.
Some of these studies have been performed at high enough concentrations
of F- to be influenced by either a bactericidal or bacteriostatic effect
of the test agent. It may be better to evaluate the efficacy of various
antiplaque compounds under the continuous influence of low levels of F~
to determine the differences, if any, on bacterial antiplaque mechanisms.
The purpose of these studies were to determine the effect of con-
tinued exposure of low concentrations of NaF, SnFg, NapSnFg, TiFg, and

SnC1, on altering plaque formation by Streptococcus mutans NCTC 10449.

Specific tests were performed:

1) to determine the minimum inhibitory concentration (MIC) and
minimum lethal concentration (MLC) of the test agents.

2) to determine the effect continual exposure of the test agents
at Tow concentrations on growth and acid production in order to assess

any individual or combined fluoride ion, cation or pH effects of the

test agents.




3) to determine the quantity of tin present in bacterial plaque
after exposure to the test agents through atomic absorption spectro-
photometry.

4) to evaluate the quantity of bacterial mass through DNA analysis
of the bacteria attached to enamel and of the unattached bacteria after
exposure to the various test agents or controls.

5) to evaluate the quantity of alkali and water soluble extracellu-
lar polysaccharide through glucan analysis and glucan/DNA ratios of the
bacteria attached to enamel and of the unattached bacteria after exposure
to the various test agents or controls.

If a specific fluoride compound, at levels compatible with a slow
release delivery system, is found to either alter bacterial acid produc-
tion, bacterial growth, or bacterial attachment; then we may possibly
have an agent that is safe and effective to be incorporated in a restora-
tive material which is slowly released to produce antiplaque and antt-

caries activity.
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Materials and Methods

Enamel Specimen Preparation

Enamel sections from extracted bovine incisors, approximately 180 mmz,

were cut from the smooth surfaces using a diamond drill with water coolant.
A hole was placed in each specimen so that 20 gauge nichrome wires could

be used to suspend the enamel in the test tube (Figure 1). The enamel

. specimens were cleaned with a slurry of pumice to remove organic material,
washed with deionized water in a ultrasonic cleaner, and then autoclaved.
Wax (inlay casting wax, Kerr products, Emeryville, Co.) was used to

cover the inner aspects of tooth leaving only the surface enamel exposed.
The specimens were placed in 70% ethyl alcohol for 15 min. to disinfect
the surfaces from microbial contamination during wax preparation and then
placed in sterile deionized water for 10 minutes to remove residual alcohol.
Care was taken to assure that the enamel cylinders were not dessicated

during preparation.

Microorganisms, Growth Media, and Growth

A streptomycin resistant mutant of Streptococcus mutans NCTC 10449

(Bratthall serotype c¢) has been selected as the test organism since this
organism has been noted to attach to enamel similarly as in vivo organisms
(Tinanoff, et al., 1978); causes caries (Freedman and Tanzer, 1974; Tanzer,
et al., 1974; Tanzer, et al., 1976; Tanzer, 1969), and is the most fre-
quently found serotype in human population (Bratthall, 1972; Keene, et

al., 1977). Stock cultures were maintained by monthly transfer in fluid
thioglycolate medium (Difco) supplemented with meat extract (20% V/V) and
excess CaCO3. For MIC/MLC determinations, stock cultures were adapted to
growth in trypticase soy medium (TSB; BBL). For all other experiments,

stock culture was adapted to growth in Jordan's medium (Jordan, et al.,
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1960) supplemented with 5% sucrose and 5 mg. % Na,CO5 (Figure 2). AN

experiments were performed at 379 C under aerobic conditions.

10 ml : 10 ml 10 m)
Refrig. Stock 24 hrs._BBL 24 hrs, Jordan's 18 hrsq Jordan's 18 hrs_ test
Culture S. ? Thio > 5% suc. 5% groups
mutans NCTC
10449

FIGURE 2. Procedure for adapting cultures of S. mutans to Jordan's
medium supplemented into 5% sucrose. 0.1 ml of culture

was transferred to uninoculated tubes each time.

Fluoride Compound and Controls

Fresh sterile solutions of the appropriate fluoride compounds or
controls was added to the sterile test medium to obtain the proper
fluoride or control dilution prior to inoculation of microorganisms.

To obtain the appropriate dilutions, stock solutions of fluoride com-
pounds were first prepared at 100 ppm F-. These stock aqueous solutions
NaF (0.022%W/v, pH 5.3), SnF, (0.041%, pH 3.8), NapSnFg (0.024%, pH 3.5),
and TiF4 (0.016%, pH 2.9) were added to Jordan's medium suppiemented
with 5% sucrose to produce flucride concentrations of 10 ppm or 5 ppm F~.

Stock solution of SnCl2 (0.05%, pH 2.9), which was equimolar to Sn**

in SnF2 100 ppm F~, was prepared and subsequently diluted into Jordan's




medium, served as a control for tin. Deionized water (pH 6.6) was
added to the Jordan's medium at the same volume as the other aqueous

solutions and this medium served as the control to which all solutions

were compared. %

For MIC/MLC testing, dilutions of the test agents or controls .
to the appropriate concentrations in medium required higher concen-
trations of test solutions to be made. Solutions of NaF, ranging
from 50 to 5000 ppm F~; SnF,, from 0.5 to 250 ppm F~3 NazSnFg and
TiF4, from 100 to 1000 ppm F~; and SnCl,, from 50 to 1000 ppm C1~
were prepared (Fig. 3).

Organic Binding of Free Fluoride

To rule out possible organic binding and to insure the accuracy
of theoretical fluoride levels of the fluoride ion in the complex
medium, the free fluoride was determined by fluoride analysis with
a fluoride electrode (Orion 90-09A) connected to a digital electro-
; meter. One ml aliquots of uninoculated and inoculated test media
were evaluated immediately after addition of the fluoride agent and
then after incubation of the test media for 24 hours at 37°C. This
procedure entailed diluting a 1 ml aliquot of each media with 1 ml
of TISAB (ORION) which stabilizes the pH and ionic strength of the
sample. A1l samples were compared to NaF standards (ORION). i

Purity Checks of Organisms

To insure purity and lack of contamination, the cultures at the
beginning and end of each experiient were plated on blood and Mitis

salivarius agar (Difco) and visually inspected for contaminants.

MIC/MLC Determination of Test Agents

To rule out the possibility that various fluorides or controls

may have antiplaque properties at low concentrations due to their

ability to kill or completely suspend growth of plague forming bac-




R ettt 33 S A g B s P A AL SN i GRS . B S Kol o o SR i s, 26 9l d% L

Final ppm F~ 500 , 250 125 62.5 31.2 15.6 7.8 3.9 1.9 0.9 0.5

A

|

R
)

|

d
_
|

J
,

|

J
,

7 W_—’ 1 Y7 Y177 V7

F~ agent

TSB
\ ) . N . _ [ U L4 -

Tube # ] 2 3

FIGURE 3. Example of a MIC and MLC dilution. First, 1.0 m1 TSB is
added to all tubes. Then, test agents are added to tube #1
and subsequently diluted with TSB starting with tube #2 and
ending at tube #11. Tubes #1 and #12 are the uninoculated
and inoculated controls. After serial dilution of the test
agents, a 1.0 ml inoculum of standardized suspension is
added to all tubes except #1.
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teria; the minimum inhibitory concentration (MIC) and minimum lethal
concentration (MLC) of these agents (Barry, 1976) was determined.

S. mutans NCTC 10449 was adapted to growth in trypticase soy broth
(TSB; BBL) and 0.1 ml of the adapted strain was transformed to 10 ml of
the medium. The turbidity of growth was standardized and diluted 1:200
to produce an inoculum containing approximately 5.0X1O5 CFU/mli. A 1.0
ml aliquot of the ptoential antimicrobial agents, SnFZ, SnClz, TiF4, Na2
SnF6 and NaF was serially diluted in 1 ml of uninoculated TSB such that
each test tube contained 1/2 the concentration of the agent from the pre-
vious tube (Figure 3). To these tubes containing the serial dilutions,

1 m1 of the standardized cell suspension was added. The tubes containing
the various dilutions of antimicrobial agent plus the inoculum were
vortexed, incubated at 37° for 16-18 hours and read.

A large cluster of growth or definite turbidity was considered
evidence that the agent failed to inhibit growth at that concentration.
Also, due to the potential precipitation of some test agents the visual
appearance of positive and negative control tubes was considered before
determining the end points (MIC). The MLC was determined by transferring
0.1 ml of broth from each tube of broth showing inhibited growth to
blood agar plates and to Mitis salivarius plates. The plates were in-

spect:u for growth of S. mutans after 2 days incubation at 37°.

Alteration in Bacterial Growth Due to Low Levels of Fluoride

To determine if the fluoride compounds or controls added to Jordan's
medium affected the growth of S. mutans NCTC 10449, growth curves were
established and compared to growth of this organism in the presence of
NaF, San, NaZSnFG, TiF4 at 10 and 5 ppm F~ added to this media. Ad-

dionally, SnCl2 equimolar with respect to the tin in 10 and 5 ppm F~
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Snf was used to observe any effect of tne cation ion on growth. For

this procedure duplicate tubes containing the appropriate compound

were inoculated with 0.1 ml of the adapted organism, and growth rate

was determined at 1 hr. intervals with a spectronic 20 spectrophotonater
(Bausch and Lomb, Rochester, llew York) at 600 mm. Cultures were main-
tained at 37" in a Thermomnix 1420 shaker water bath (Braun, West Germany)
oscilating at 60 cpm. The experiment was terminated at 24 hrs. because
of the stability of 0.D. readings recorded after this time. Alsg, initial
and terminal pH readings were taken on all cultures. Controls for each
agent tested werc inoculated medium with the corresponding fluoride or
control agent at the same concentration. The test agents and controls

were compared for changes in doubling time and final growth of S. mutans.

Alteration in Bacterial Acid Production Due to Low Levels of Fluoride or

Controls

Into tubes containing 25 ml of Jordan's medium supplemented with 5%
sucrose, NafF, San, NaZSnF6 and TiF4 was added to produce 10 or 5 ppm F-,
respectively. S$nClo {Sn equal to sn't in SnFp at 10 and 5 ppm F-) was
also tested to observe the effect of the tin jon alone on bacterial acid
production. An appropriate volume of deionized water was added to another
tube containing growth medium to serve as the control. The tubes were
inoculated with the adapted S. mutans strain. Culture tubes were then
incubatéd in a shaker bath (37°C, 70 cpm). Aliquots were removed from
the tubes for pH measurcments at intervals during a 43 hr. growth period.
The mean pH of duplicate samples for each test agent was plotted against

time. Samples were compared for differences in drop in pH and terminal

pH.
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DONA/Glucan Analysis

Jordan's medium supplemented as previously described with 10 ppm F~
of WaF, SnFp, NapSnFg, TiFq or 10 ppm C1- of SnCl, (Sn = Sn in 10 ppm F~
SnFy) were placed into tubes containing the suspended enamel cylinders
and inoculated with 0.1 ml of an adapted S. mutans culture. Sterile
deionized water served as the control agent. The enamel specimens were
transferred after 24 hrs. to fresh Jordan's medium supplemented with 5%
sucrose and containing the appropriate fluoride agent or control (Figure
3).

After 3 day growth in the appropriate media, the wax was peeled
off each enamel slab leaving only the attached bacteria to the surface
enamel. The enamel specimens were then sonicated (Bronson Model w 185)
with a microprobe tip in deionized water for 30 sec. at 50 watts with
the output at 4. This procedure separates the plaque from the ename)
and disrupts bacterial chains (Liljemark and Schauer, 1977).

After washing and centrifugation (9.000xG, 10 min. 0°C) of the bac-
terial sample three times, the sample was resuspended in a known volume
of deionized water. An aliquot of the suspended sample and the spent
supernatant was saved for glucan analysis (Figure 5). The remained of
the suspended pellet was added to 0.5 i hot perchloric acid (70°C, 30
min.) .o extract the bacterial DNA (Ogur and Rosen, 1950). The DNA
analysis enables quantitation of bacterial mass. Also, the media from
which the enamel specimens were removed after the final enamel specimen
transfer was prepared to analyze DNA and glucan content as described
above.

After neutralization with KOH, DNA was analyzed (Burton, 1956)
using a 2-deoxy-D-ribose as a standard. DNA analysis involved centri-

fuging the sample as described. The supernatant containing the extracted

10
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DNA was then removed for analysis. From the sample, a 1 ml aliquot was
combined with 2 m} of diphenylanine reagent, vortexed, covered, and incu-
bated at 37°C overnight. Two-Deoxy ribose standards and blanks were

also treated in a like fashion. Optical densities of the samples and
standards were read at 600 nm with a Gilford Microsample 300 Spectro-
photometer, and converted to ;ig/ml DNA. A1l samples and staﬁdards were
analyzed in duplicate. In conjunction with DNA analysis, all samples
were prepared to determine glucan production (Figure 5). Alkali and
water soluble glucan (1.g/ml) was determined at 410 nm with Glucostat
reagent (Worthington Biochemicals, Freehold, NJ) dissolved in 500 mM

tris phosphate buffer (pH 7) after incubation for 60 min. at 37°C.

Hydrolized commercial dextran ranging from 0 to 50 ug/ml served as

standards (Freedman and Tanzer, 1974; Freedman and Coykendall, 1975).

A1l samples and standards were analyzed in duplicate.




Sectioned £namel Specimens
1

i
|
|
¥
Polished With Pumice

|
\'4
Ultrasonically Cleaned and Autoclaved

t
1

v
Wax Coated Except for Surface Enamel
!

1
i

')
Disinfected With Alcohol And Rinsed

|

Enamel Specimens Suspended Jordan's Mediu
+ .

!

i

HZO

NazsﬂFG
(10 ppm)

-
NaF SnfF, | SnFy SnClz
(10 ppm) | (10 ppm) i (10 ppr) | (10 ppm)

b e et

b e

En

FIGURE 4.

+
Inoculated with S. mutans
!

, 24 hours
v',
Transfer to Appropriate Media
!
24 hours

¥
Transfer to Approrpiate Media

]
I 24 hours

v

amel Plus Media Analyzed for DMA and Glucan

Experimental design for DNA and Glucan Analysis.

WS s R R e




Bacteria and bacterial extracellular
material from enamel specimens

or the media

cell pellet
twice resuspe

nded in

Hp0 and centrifuged

Centrifugation, 9000 xg, 0°c,15 min.

[washed cell pellet

[resuspend in Ho0
—
Aliquot fOfJ Centrfifugate
ONA analysi
Pellet

NAOH soluble

|§uantitate DitA]

Resuspend in H20
Add HAOH to 1 N

Centrifugation

2 vols. 107% ethanol, 10°C,
for 2 hrs., twice dissolved
and reprecipitated

Supernatant Centrifugation

Discarded
Pellet
r soluble

Dissolve in Hy0

Incubate 37°C, 60 mian. HAOH added to 1 N

Extracted cells

di

scarded

Quantitate
~glucan

Figure 5. Flow diagram of the preparation of cells and culture liquor for

Tucose and DHA quantitations.

Omin. 0°C.

13

A1l centrifugations: 9000 xg,




Jetermination of Ename)l Surface Area

The surface area of the enamel slabs exposed to the various test

PR T

agents or controls was calculated by placing black and white photographic
negatives, determined to be a 1:1 representation of the enamel specimens,
over mm¢ blocked graph paper. The number of mm blocks contained within

the outline of the enamel specimen negative is equivalent to the surface

area of the specimen. The surface area of the enamel exposed to each test

agent was used in determining “gJNAHm? enamel and g Glucan/mm¢ enamel

ratios.

Atomic Absorption Spectrophotometry

After 3 days growth, the bacteria on wires of ea;h treatment group
(Figure 1) were pooled into one pre-weighed centrifuge tube, pelleted by
centrifugation, and excess water removed. Sanmples were dried for 3 days
at 70° C and the tubes were re-weighed. After the dry weights of the
harvested cells are calculatad, the sarples were suspended in known
quantities of 10% HC1. Tin standards (SnCl,, Alfa Division, Danvers,

Ma.) were prepared at 0.1, 0.5, 1.0, 10.0, 25.0, 35.0, and 50.0 ppm by

dilution with 10% HC1. Tin in tihe plaque samples and in the standards ,i
ware measured in triplicate and compared using an atomic absorption
spectrophotometer (Perkin-Elmer, Model 403) equipped with a graphite
furnace (AGA-74). A deuterium discharge lamp was used to correct for

non-atomic absorption signals.

Statistical Analysis

For statistical verification of DMA and Glucan Test results, the
mean and standard deviation of the second DNA/Glucan experiment (3 samples,

test or control group) was calculated. An analysis of variance indicated

statistically significant differences (p ~ .01). Individual comparisons
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of the test agents on controls was performed using the Scheffe procedure i

(Scheffe, 1953) to establish homogeneous subsets at the .01 level.




Resules

Betermination of Fluoride Levels in Growth Median

Aliquots of the media supplemented with the various fluoride com-
pounus at 10 ppm F~ (K/V) were analyzed for fluoride on activity irmmed-
iately after the additions of the fluoride compounds, after inoculation
of the media for one day, and after one day growth of S. mutans cultures
in the media.

The water and SnCl; supplewented media showed no fluoride ion present.
NaF, NaoSnFg and Snfo supplemented media had 10 ppm F~ present in fresh
medium. After 24 hours incubation, however, all three of these agents
showed a decrease of approximately 1 ppm F~ in both inocu]ated and unin-
ocuiated medium. TiF, was the only compound tested which did not show
fluoride electrode measurements as being equal to theoretical levels. A
theoretical level of 10 ppm F~ displayed a fluoride ion measurement of
only 2.3 ppm F~ in fresh medium and after 24 hours incubaiion of inocu-

lated and uninoculated medium (Table 1).

MIC/MLC Determinations

The minimum inhibitory concentration (HIC) and minimum lethal con-
centration (MLC) tests showed that SnFp had the lowest MIC and MLC, 60
ppm F~ and 125 ppm F~ respectively (Tables 2 and 7). TiF4 had a MIC at
325 ppm F~ and a MLC at 575 ppm F~ (Tables 3 and 7); NaF had MIC at 300

ppm F~ and a ML.C at 3000 ppm F~ (Tables 4 and 7); NaSnFg had a MIC at

600 ppm F~ and MLC at 675 ppm F- {Tables 5 and 7). SnCl, was found to

have a MIC at 200 ppm C1™ and a MLC at 225 ppm C1~ (Tables 6 and 7).
With respect to the tin ion concentration of the compounds tested,

5nFz had a MIC of 180 ppm Sn while SnClp and NapSnFg both had a MIC of

60G ppm Sn, and SnF had a MLC of 375 Sn while SnClp and NapSnFg had a

MLC of 675 ppm Sn (Table 7).
16
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ppm F

Se sk

inoculsted medium
Uninoculated medium after 24/hrs growth
after incubetion of § mutpng NCTC
for 243t 35 C 10440 o1 35°C
>03 >03
203 >03
23 23
8.0 20
88 s
9.0 9.0

Table 1. Parts per million fluoride ion in inoculated and uninoculated

Jordan's medium supplemented with fluoride components or

controls.
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HIC T o Snibg

ppe: F° Culture ¥ial (11IC) M plate (MLC) - BA plate (MLC)
250 NG, P NG
125 Hi, ¥

;)

p

6
G
6
G
G
G
G
G
G

"6
<G
6
14
NP

No Growtn

Less Grauth
Growth
Precipivate

tio Precipitate

[LIN T I I 1

Table 2: Dilutions of SnFy ranging from 0.5 to 250 ppm F~ were evaluated
for a minimum inhibitory concentration (MIC) and a minimum lethal
concentration (MLC) against S. mutans NCTC 10449. A MIC for SnFp
of 60 ppm F~ was determined by the culture vial of the lowest
dilution showing no growth; a MLC for SnFp of 125 ppm F~ was
determined by the lowest concentration on BA and MSS plates
showing no growth. None of the control vials or plates exhib-
ited growth and contaminants were noted. A milky white precip-
itate was present in both the control and test dilutions at 5
ppm F~ and above.
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PR e g

2 pen B Cullurs Vial (MI€) M _plate (0) Ba_plate (MLC) |
10¢0 NG, P NG 16
9N NG, P K 16
Ll s, "G (Y
709 NG, P NG "
650 NG, P b HG
625 bs, P NG NG
600
575425 NG, P NG NG
55045 NG, P G G
525
500 G, P G 6
475 G. P 6 6
430 G, P G 6
400 G, P G 6
300 G, P G '
200 G, P G ]
100 G, P G G

Fey: NG = No Growth
G = Grouth
P = Precipitate

n o

Table 3: Dilutions of TiF4 ranging from 100 to 1000 ppm F- were evalu-
ated for MIC end MLC against 5. mutans. In all test runs, !
the MIC and MLC was found within the 525 to 600 ppm F~ range. :
The MIC of TiF4 was 550425 ppm F~; the MLC of TiF4 was 575+
25 ppm F~. None of the control vials or plates exhibited
growth and no contamination was noted on culture plates of
test dilutions. A cloudy gray-white precipitate was present
in all test and control dilutions.
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NIC/4LC for Naf
oo F- F tore Viad (a0 PGS plate (L) FA plate (MC)
: £000 Ho G 16
; 4500 KG hG NG
4000 NG HG |E
kL) NG nG G
RN’ L W W
3000 NG ho NG ;
2750 e <G cc<G i
2500 NG -G <<ty
2000 NG <G <6
1500 NG <<G <G
1020 G <6 <6
$00 G <G <G . ?
8C3 HG <6 <G
700 NG <G . <G 3
600 KG <G <G j
500 G <G <G
400 HG 6 G
350 NG 6 G
300 K6 G G
250 6 G 6
200 G G G
150 G G 6
100 6 ] G
50 A 6 G 6
key: NG = No Growth
<6 = Luess Growth
G = Growth
Table 4: Dilutions of NaF ranging from 50 to 5000 ppm F~ were evalua-
ted for MIC and MLC against S. mutans. The MIC for NaF was

300 ppm F~; the MLC for NaF was 3000 ppm F~. Plated dilutions
of NaF ranging from 500 to 2750 ppm F~ exhibited decreased
growth on BA and MSS plates after 24 hours incubation at 359
C. None of the control vials or plates exhibited growth. Neo
contamination was noted on culture plates of test dilutions.

R et e
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PEC/LE Tor fa,bnfg

Colture ¥ial (1) Mo plate (HC) EA plate (1eC)

b

6
G
G
G
G
6
G
G
6
G

Key: 6 = Mo Growth
<6 = Less Growth
G = Growth

Dilutions of NapSnfg ranging from 100 to 1000 ppm F™ were evalu-
sted for MIC and MLC against S. mutans. The MIC of Naz2Snfe,

was 600 ppm F~; the MLC of NazSnFg, was 675 ppm F~. None of

the control vials or plates exhibited growth. No contamina-
tion was noted on culture plates of test dilutions. ‘
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BIC/M L ror Al i
]
i ppra_Sp* - Culture Vial (MIC) MSS_plate (M.C) BA plate (PLL)
i
: 1060 NG, P NG NG
? 93 5. P NG NG
S ha, P i NG
70 NG, P i ' e
600 NG, P nG NG
500 NG, P NG NG {
400 IG, P KNG NG
300 NG, P HG NG
259 NG, P 1 ne
200 NG, P G G {
174 <G, P G G -
150 G, P G G
125 G, P G G
160 G, P G G
% 6, P 6 G-
50 G, ¥ G G
tKey: HG = No Growth
<G = Less Growth
: G = Growth
i P = Precipitate
7 *apn equivalent to Sn*t in a $9F2 solution of equal concentration
4 Teble 6: Dilutions of SnCl12 ranging from 50 to 1000 ppm C1~, were evalu-
4 ated for MIC and MLC. The MIC of SnClj, was 200 ppm C17; the 1
MLC of SnClp, was 225 ppm C1-. None of the control vials or 1
£ plates exhibited growth. No contamination was noted on culture :
- - plates of test dilutions. A cloudy yellow-white precipitate :
5 was present in all control and test dilution vials. %
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MLC

Test Compound ppmF’ PpmSn ppmF- ppmSn
SnF, 60 180 125 375
SnCi, {200 ppmCI) 600 (225 ppmCI’) 675
Na,SnFg 600 600 675 675
NaF 300 3000 '
TiFy4 550 + 25 575 + 25

Table 7: Minimum inhibitory concentration (MIC) and minimum lethal

concentration (MLC) of different fluoride compounds or

controls on S. mutans NCTC 10449.
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Alterations in Bacterial Acid Production Due to Low Levels of Fluoride

Acid production of S. mutans incubated in medium supplemented with
various fluoride compounds at 10 and 5 ppm F~ or controls were performed
in order to observe the effect of these agents at concentrations well
below the levels determined to inhibit growth (MIC).

SnF», NaF, and NapSnFg appear to be equally effective in altering
the terminal pH of the $. mutans cultures both at 5 ppm F~ and 10 ppm
F~ concentrations (Figures 6 and 7 ). At 5 ppm F~ concentration of
these compounds, the terminal pH of SnFp, NaF and NaySnFg supplemented
media was approximately pH 4.8 whereas the SnCl, supplemented media and
water control had a terminal pH of 4.3. When the media was supplemented
with 10 ppm SnFp, NaF, or NaZSnFG the terminal pH only reached 5.0.

TiFg at both 5 and 10 ppm F~ showed Tittle or no effect on acid
production. This may be due to the fact that the actual levels of F~
in solution for this compound were found to be much lower than the
theoretical levels.

A1l experiments were pertormed in duplicate runs and slight varia-
tions were averaged. Note that the addition of the test compounds did
not produce an initial pH change of the media when compared to the con-

trol medium.

Alteration in Bacterial CGrowth Due to Low Levels of Fluoride or Controls

Alterations in growth rate of S. mutans in medium supplemented with
various fluoride compounds at 10 and 5 ppm F~ or controls were evaluated
in order to observe the effect of these agents at concentrations well.
below the levels determined to inhibit growth (MIC).

The results of the growth curves performed in duplicate suggest

little change in the doubling time of the organisms exposed to the test
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Figure 6: Acid production by S. mutans HCTC 10449 in medium suppiemented
with various fluoride compounds (5 ppm F~).
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Figure 7: /cid production by S. mutans HCTC 10449 in medium suppliemented

with various fluoride compounds (10 ppm F-).
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Figure S: Growth of S. mutans NCTC 10449 in medium supplemented with
various fluoride compounds (5 ppm F~).
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Figure 9: Growth of S. mutans NCTC 10449 in medium supplemented with
various fluoride compounds (10 ppm F™).
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ayents at 5 or 10 ppm. At L ppm, no distinct difference in final bacter-
ial growtn were seen between the control and the test compounds, which
exhibited greater reduction in growth compared to the control (Figure 8).
liowever, at 10 ppm, the final bacterial growth appears less in all media
supplemented with either fluoride or tin compounds (Figure 9) with SnF,

showing the greatest effect.

DNA/Glucan Analysis

DNA and glucan'ana]ysis were performed on bacteria attached to sus-
pended enamel specimens and bacteria present in the surrounding media
after three days growth in media supplemented with 10 ppm fluoride or
controls. This series of experiments was performed twice. Initially,
testing was done on sampies run in duplicate. In order to verify these
results and to allow a statistical appraisal using subset grouping
through analysis of variance with the Scheffé procedure, these experi-
ments were repeated using three samples per test group.

Results in both experiments show a decrease in the amount of DMA
and alkali soluble giucan (ASG) attached to enamel for SnFy, NasSnFg,
and NaF compared to other compounds tested, with SnfF, showing the great-
est decrease (Table 8,12); yet no significant difference in ug ASG/ug
DNA suggests that the lower qlucan production found in the fluoride test
groups is due to fewer bacteria in these groups (Table 12).

When the total amount of DHA per ml medium (attached and unattached
bacteria) of the various test groups was compared, all fluoride test
agents had less DNA/m} medium than the Hy0 control, with the SnF, supple-
mented medium producing the y.watest decrease in bacterial quantity

(Table 4, :3). When total ug ASG/ug DNA ratios were evaluated, it was

found that Snf,, NapSnFg and {loF exhibited an increase in alkali soluble




glucans compared to other test groups. As well, the water soluble glucan
(.49 WSG/ug DNA) showed the greatest increase in those tubes supplemented
with Snf,, NafF or Naysnfg (Table 9,13). By looking at just the ASG
present in the culture tube, there is further evidence that increased

ASG production of the unattached bacteria by S. mutans, under the influ-

ence of SnFa, NaF, or NaySntg, occurs (Table 10, 14).

After 3 days growth, the bacteria on the wires of each treatment
group (Figure 1) were analyzed for tin using atomic absorption spectro-
photometry. As expected, no tin was detected in the control, TiFq, and
MaF treatment groups. The bacteria exposed to compounds containing tin
were found to have tin present. The plaque incubated in SnFy supplemen-
ted media had more tin per mg. dry plaque than those specimens cultured

in SnCly or NapSnfg supplemented media (Table 11, 15).
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g DNA/mmé enamel* ug ASG/mmé enamel ug ASG/ug DHA
Control 0.18 + .03 Control 1.02 + .01 NaF 7.06 + .64
SnCl2 0.18 + .003 TiFg 0.99 + .05 TiFy 6.31 + .06
TiFg 0.16 + .02 SnCip 0.97 + .12 SnFo 5.79 + .15
HazSnFg 0.14 + .02 NaF 0.86 + .19 NagSnFg 5.77 + .27
NaF 0.12 + .02 NapSnFg 0.84 + .07 Contrbl 5.67 + .30
Snfy 0.09 + .01 Snfo 0.55 + .06 SnCl, 5.19 + .73

*ean of 2 samples

Table 8. Experiment 1. Amount of bacteria (ONA) and Alkali Soluble Glucan §1
(ASG) adherent to enamel after three day's incuba-
tion of S. mutans NCTC 10449 in medium supplemented
with various fluoride compounds (10 ppm F~) or
controls.
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Total ug ASG/ml Total ug ASG/ug DNA

three day's incubation of S. mutans NCTC 10449
in medium supplemented with fluoride compounds
(10 ppm F~) or controls.

Naf 47.0 + 6.8 NaF 14.8 = 1.7
NapSnFg  44.2 + 0.9 NapSnFg 14.4 + 2.4
SnCly 35.8 ¢ 1.0 Snfp 13.3 £ 0.7
TiFg 0.7 235 TiRg 10.9:0.9 |
Total ng DRA/m1* SnF» 31.4 £ 1.6 Control 8.3 + 0.6 ;;
$nCly 4.6 : 0.5 Control 30.7 + 3.3 SnCl, 7.8 £ 0.04 ii
Control 3.7 + 0.7 ?
Naf 3.2 + 0.1
NapSnFg 3.1 £+ 0.6 Total wg WSG/m) Total ug WSG/ug DNA
TiFg 3.0 ¢ 0.6 SnfFy 28.9 + 1.9 SnFy 12.3+ 2.0
 Snf, 2.3 0.3 NapSnFg  22.4 + 0.6 NapSnFg 7.3 £ 1.5
NaF 20.9 + 1.3 NaF 6.6 + 0.2
TiF 5.3 + 1.1 TifF 1.8 £+ 0.01
SnCly 3.9+ 2.3 SnCl, 0.9 ¢+ 0.05
*Mean of 2 samples Control 2.3+ 1.2 Control 0.6 £ 0.2
+ S.D.
Table 9. Experiment 1. Total amount of bacteria (DNA), Alkali Soluble ;
Glucan (ASG), and Water Soluble Giucan (WSG) ;
adherent to enamel and the culture tube after ?




.
e G “-

ug ASG/ml*

NaySnFg 30.5 + 2.1

NaF 28.6 + 2.7
Snf o 21.4 + 0.4 ;
TiFg 14.7 + 0.4 ‘ 4
SnCly 14.1 + 3.3
Control 11.7 ¢ 0.5

*Mean of 2 samples + S.D.

Table 10. Experiment 1. Alkali Soluble Glucan (ASG) present in the
culture tube after three days incubation of

S. mutans NCTC 10449 in medium supplemented

with various fluoride compounds (10 ppm F~)

or controls.
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Control
NapSnkg
TiFg
SnCls
NaF

Snfo

Plaque Dry Weight

(mg)

0.7
0.7
1.3
0.8
0.7
0.7

*Pooled plaque from 2 samples.

Table 11. Experiment 1.

Sn?/Total Sample

(ppm)

N.O.
19

N.D.
42

N.D.
66

Sn°/mg Plaque

(ug)

N.D.
13

N.D.
26

N.D.
48

Bacteria harvested from the wires suspending

the enamel specimens in each treatment group.

Samples were pooled, dried, and analyzed for

tin using Atomic Absorpiion Spectrophotometry.
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DNA ASG #g ASG
. “ /mm2 “ mm? /I‘IDNA
! Enamel®  Subseys®* Ensmel® Subeets Subeets
Control 0.17 + 032 ‘ TiF 135 « 43 TiF‘ 9.02 ¢ 1.2¢
Sntl, 0.15 + 00 sotly 1.19 2 09 $nCly 742 2 08
TiF, 0.14 + 03 Control 1.10 ¢+ .16 NaF 7.18 ¢+ 070
NaySaF, 012 5 02 NaF 083 + 39 SnF, 672+ 128
Nas. 01t ¢+ 02 anSnF‘ 0.62 +» .04 Control 639 « 039
Snl"z 0.0%5 + 00 Slle 032 + 09 anSnP‘ $32 ¢ 093
*  Mean of 3 samples » S.D.
°* Homogencous subsets using Analysis of Varisnce with Scheffe procedure (p = .03) 1
1
Table 12. Experiment 2. Amount of bacteria (DNA) and Alkali Soluble
Giucan (ASG) adherent to enamel after 3 days
incubation of S. mutans NCTC 10449 in medium
supplemented with various fluoride compounds
(10 ppm F~) or controls.
.
!
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Toulug ‘SGA 1 Toulus “G/u DNA
Subscts

Subects
NegSoby 81 s 120 ' Sk, 332 36
NaF 5522 22 No,SaFg 133 ¢ 107
SaF, $5.1 ¢ 130 NoF 02 53
TiF, 302 79 . ’ TiF, 124 ¢ 043
Control 329+ 338 Conwrol 93¢ 13
SnCly 7. 26 , SaCty 86+ o0
Toul ;g DNA
Anl d Subsets®*

Coniro} 386 5 43

Nef 187 ¢ 86

NaySnFg 172 ¢ .73 ‘

TiF, 166 0 7

SeCly 4512 20 ‘ ;

SaF, 127+ .11 :

T WSG Tow :
otal ug /ml uwsc/“bn :

NaF 7%+ 18 SoF, 450 ¢ 113 | i
$nF, 566 ¢+ 103 NeF nee 12 4
NeSaFg 472 ¢ 83 NuSaFg 141, 39 14
TiF, 1222 43 TiF, 671 18
Control 155+ 09 [ SnCly 41+ 1}
SnChy 109y 40 Conrol 40 ¢ 048

* Meenof Jaamples ¢ S D,
** Homogeneous subsets using Analysis of Variance with Scheffe procedure (p < 01

Table 13. Experiment 2. Total amount of bacteria {DNA), Alkali Soluble
Glucan (ASG), and Water Soluble Glucan (WSG)
adherent to enamel and the culture tube after
3 days incubation of S. mutans NCTC 10449 in
medium supplemented with various fluoride 1

compounds (10 ppm F~) or controls.




Table

14.

Experiment 2.

Ssidimipec: siiikoaniilh

1 g ASG/mi* Subsets® *
NasSnFg 479+ 118
NaF 423+ 1.3
SnFy 358+ 3.7
TiFg 112+ 386
Control 11.2¢+ 50
SnCly 31+ 08

* Mean of 3 samples + S.D.
** Homogenous subsets using Analysis of Variance with
Scheffe procedure (p<.01)

Akali Soluble Glucan (ASG) present in the
cuiture tube after three day's incubation of
S. mutans dCTC 10449 in medium supplemented
with various fluoride compounds (10 ppm F") b
cr controls. ;
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Plaque Dry Weight Sn’/ Total Sample Sn'/ mg. plaque

(mg) (ppm) g
Control 1.8 N.D. N.D.
TiFy 3.0 N.D. N.D.
snCl, 24 48 20
NaF 1.7 N.D. N.D.
SnF, 14 47 34

Table 15. Experiment 2. Bacteria harvested from the wires suspending
the enamel specimens in each treatment groups.
Samples were pooled, dried, and analyzed for
tin using Atomic Absorption Spectrophotometry.
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Oiscussion

Fluoride electrode measurerments confirmed that the Jordan's medium,
water, and SnCly controls were essentially free of fluoride ion. Also,
NaF, SnFp and NapSnFg had initial fluoride levels as expected according
to theoretical formulations but that after 24 hours incubation, fluoride
levels of these agents dropped approximately 1 ppm ¥~ in both inoculated
and uninoculated medium. This may indicate that sosie ¢f the free fluoride
ion present may become organically bound. Unexpectedly, TiF, solutions
did not equal the theoretical F- levels. Possible release of HF when
this compound is added to water or the hydroscopic nature of this compound
may account for the difference between theoretical and actual F~ levels.
The low fluoride levels of this compound in this study limits its value
as a test agent.

The MIC/MLC determinations were performed to rule out the possibil-
ity that various fluorides may have antiplaque picperties at low concen-
tration (10 ppm) due to their ability to kill or suspend growth of plaque
forming bacteria. SnFp had the lowest fluoride and tin ion concentration
nezded for both the minimum inhibitory and minimum lethal effect. When
the test corpounds are compared with respect to ppm F~, SnFp had a MIC
of 60 ppm F~ and a MLC of 125 ppm F-. A1l other fluoride compounds ex-
hibited a MIC of greater than 3C0 ppm F~ and a MLC greater than 575 ppm
F-. Confirmatory experiments were consistent for all compounds except
TiF4 which may be due to the instability of this agent. With respact to
the tin ion concentration of the compounds tested. SnFp had an MIC of
100 ppm Sn while SnCly and AayonkFg both had a MIC of 600 ppm Sn; and
SnFo had a 1iLC of 375 ppm Sn while SnClp and NapSnfg had a MLC of 675

ppm Sn. Since the lowest inhibitory concentration of the agents tested
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was found to be 60 ppm F~, other findings to te presented cannot be as-
cribed to the ability of thesc fluoride compounds to kill or suspend the
growth of S. mutans.

An interesting obszrvation was that NaF had a wide range between
bacteriostatic and bactericidal values; wherecas, the other compounds
tested, all of which contained heavy metals, had a much narrower
range between inhibition and lethality. The greater bactericidal effect
of metal containing compounds on bacterial cells is compatible with those
effects noted for heavy metals (Salle, 1968).

The high bacteriostatic and bactericidal activity observed for SnFy
cannot be explained by the separate action of tin alone or fluoride alone,
since when this agent is compared to SnCl,. NaF, or lapSnFg either as
fluoride or tin concentration, SnF, is apparently more potent. The
greater potency of the compound Snf, as compared to NaF and SnF, has been
observed previously {Tinanoff et al., 1976, Tinanoff and Camosci, 1980bh)
and the wmechanism for these «differcnces will be explained by other aspects
of this study.

The alteration of acid production by S. mutans seems to be due to
the free fluoride ion released from the test agent rather than from the
affect of other elements in the compound or from the combined effect of
the 1. _ride ion with other elements in the compound. All of the fluoride
agents tested except Tif, showed an effect on acid production at 10 ppm F~
and a lesser effect at 5 ppm F~. Since TiF4, had one-third the expected
F~, this fluoride agent was consequently less effactive.

The effect of sodium fluoride on bacterial metabolism has been
known for some time and is relatively well understood. Inhibition of -
acid production by salivary and plaque bacteria in vitro has been demon-

strated with less than 1 ppm F~ (Bibby and von Kesteren. 1940; Wright
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and Jenkins, 1954). Furthermure, plague collected from subjects living
in fluoridated areas has shown smaller increases in acid production with
sucrose than has plaque from subjects living in nonfluoridated areas
(Jenkins et al., 1969). These findings may be explained by the observa-
tion that fluoride alters the bacterial enzyme, enolase, which is essen-
tial for the degradation of simple sugars to lactic acid and is also
essential for the transport of sugars across the bacterial cell membrane
(Hamilton, 1977). The inactivation of enolase is the result of fluoride
binding with the magnesium component of this enzyme (Warburg and Christian,
1942). Fluoride ions acting in this manner could reduce bacterial-acid
production and might account for some of the caries inhibition noted for
this agent.

Fluoride at 10 ppm was noted to alter the terminal pH by approximate-
Ty 0.7 pH units. Since the ¢ritical pH needed for enamel dissolution is
thought to be in the range of 4.5-5.5 (for review, see Fitzgerald, 1976),
it is conceivable that this ulteration in pH by fluoride may change the
environment from enamel demineralization to remineralization.

In the growth curvc experiments, bacterial growth appears less in
all media supplenented with either fluoride or tin compounds except for
TiF4 which, as stated previously, is not a reliable test agent because of
its hyuroscopic nature. This decrease may be due to a fluoride effect
on growth for all fluoride compounds tested and a tin effect on growth

for SnClz, and San, the compound with the greatest decrease in growth,

may have a combined tin-fluoride effect.
Miller (1974, 1976) anc Kashket et al. (1977) examined how various

concentrations of fluoride alter both acid production and glucose uptake

in S. faecalis and S. nutans. Results show a decrease in bacterial acid

: production as low as 0.5 ppm F~. However, there was no inhibition of
; 4]
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glucose transport across the cell membrane until at least 10 ppm F- was
used. In the present experiments, adverse effect of the agents tested on
growth at 10 ppm F- may be due to the decreased metabolic activity of S.
mutans as a result of decreased carbohydrate uptake.

Furthermore, heavy metals, such as tin, are known to be "germicides"
because of their ability to precipitate proteins (Salle, 1968), and tin,
itself, may be metabolically disruptive accounting for the decreased growth
at low concentrations. The apparent combined tin-fluoride effect on growth
of S. mutans when subjected to Tow concentrations of SnFp has been suggest-~
ed by Tinanoff and Camosci (1980) as being a result of tin entering passive-
ly into the cell couple with fluoride. This may be one factor relating to
the increased antiplaque effects of SnF, at low concentrations.

Most studies evaluating the effect of fluoride on bacterial extra-
cellular polysaccharide (EPS) production have observed decreases in EPS
synthesis by bacteria under the influence of fluoride ranging from 10 to
70 ppm F- (Loesche et al., 1973 and 1975; Bowen and Hewitt, 1974). Recently,
Treasure and Handelman (1980) looked at EPS/bacterial mass ratios of several
strains of 5. mutans under the influence of 25 to 50 ppm F~. In contrast
to the earlier studies, they reported increased EPS synthesis under the
influence of fluoride. The results of the present study concurs with those
of Tre sure and Handleman. The apparent conflict may be due to the fact
that in the latter two studies the extracellular polysaccharide is reported
as EPS/mg bacteria or ug EPS/ug DNA instead of total amount of extracellular
material. With the data expressed as a ratio, a better understanding of
EPS production due to various agents can be achieved. With regard to the
amount of alkali soluble glucan adherent to enamel, this study does not

find any differences in the amount of ASG/DNA between test groups or controls
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even though there was a decredase in overali bacterial material present
on enamel subjected to dapSni¢, dal’y or SnFp. However, when the total
(unattached and attached bacteria) ASG/DNA ratios and ASG/m1 (unattached
bacteria) ratios are assessed an increase in ASG in medium supplemented
with Snkp, dasSnfgandilak (p - .J1) Zan be noted. This increase in ASG
could be due to either: (1) increased ASG production in the bacteria
present in the test tube that was not attached to the cnamel specimens,
or (2) the ASG produced by the bacteria attached to the enamel did not
remain associated with these attached bacteria. Since enamel specinens
were transferred daily into fresh unincculated media, it is interesting
to speculate that those bacteria not able to maintain attachment to the
enamel specimens had increased ASG production. This is supported by the
fact that there was very litile unattached bacterial mass present in the
control tubes.

Also, there was an overall increase in total water soluble glucan

(WSG)/DRA ratios for those test groups exposed to Snfs, ilaF, and NaZSnFG.

Since this extracellular polysaccharide is not cell associated, it is
not possible to determine if increased WSG production is primarily from
the unattached or attached bacteria.

The high levels of tin found by atomic absorption in those plaques
troated wiln Snf, may be explained by several theories. R811la (1976)
and Svatun et ai. (1977) have suggested that tin ions may compéte for
acidic groups on the bacterial surface, thus allowing accunulation of
this cation on the cell wall. Further indirect evidence exists as to
the possible reason for the increased tin uptake of Snip vs. SnClp
intracellularly. Fluoride has been noted to be concentrated in bacterial
ceils (Jenkins and Ldgar, 1908). yet, chloride apparently is not concen-
trated in bacteria (Mitchell ard Mayle, 1959, Schultz et al., 1962).
Therefore. an increased a.cunuiation of stin found in bacterial plaque
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exposed to Snf, may be explained by tin passively entering the cells
coupled to fluoride (Tinanoff and Camosci, 1980a). Recently, Tinanoff and
Camosci (1980b) have observed tin accumulation in or on cells exposed to
SnfFp as low as 5 ppm F°. However, these observations were not noted with
SnCly or wapSnfFg. In the present study. there was increased tin uptake
with Snfp exposure but not with SnCl2 or Ha2SnFg exposure and these
findings are compatible with previous findings and theories. It should
also be noted that whereas SnCl, and SnFy were adjusted for equimolar Sn
concentrations, SnFp and NapSnfg were adjusted for equimolar F- concen-
trations, not Sn concentrations. This may, i. -art, account for the de-

creased tin uptake of ilapSnfg compared to SnFp.

Summary and Conclusions

From the literature it was apparent that fluoride affects not only
enamel solubility, as previousiy thought, but also affects bacterial
growth and attachment. Unfortunately, most of the studies published
used only Naf, and only a few reports have compared these antimicrobial
effects using different fluoride compounds. In those studies that did
compare various fluoride compounds, SnFy appeared the most effective
agent against bacteria. Furthermore, most of the studies showing anti-
bacterial ctfects of fluoride have been performad at concentrations of
fluoride which could be either bactericidal or bacteriostatic.

To study the effect of low lovels of fluoride which could be slowly
released into the oral environment, this study investigated the effect
the several fluoride compounds on bacterial plaque formation when these
compounds were present contin:nusly in the environment. After establish-
ing, through MIC and MLC testing, that 10 ppm F- of the test agents was
well below bacterial growth inhibition or bactericidal levels, the a2ffect

of these agents on growth, acid production, extracellular polysaccharide
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production, bacterial mass, tin uptake, and attachment to enamel by S.

mutans was studied. The results of this series of studies indicate:

1.

MIC and MLC values uf Snf, and the other compounds tested do not
account entirely for the effectiveness of these compounds at much
Tower concentrations.

As seen from growth and acid production studies. S. mutans has
decreased growth when exposed to all test agents.

Although there was a decrease in total bacterial mass (attached
and unattached) in the test groups continuously exposed to 10
ppm F~, antiplaque mechanisms other than bacterial growth inhi-
bition by these agents were suggested.

The increased effectiveness of SnFp over HaF or SnCl2 as seen

in the MIC, MLC, growth curves and DNA results suggest a com-
bined tin-fluoride interaction.

The Targe accumulation of tin fournd in those organisms treated
with $nFp may account for the increased effectiveness of SnFp.
Tin uptake by bacteria exposed to SnCl; may partially explain
the bacteriostatic effects of this compounc.

Even though fluorides, especially SnFp, affect the amount of
bacteria attached to enamel (ug DHA), these attached bacteria
shiowed no change in glucan production (ASG) due to the test agents.
An increase in ASG and WSG of the unattached bacteria found for
SnFp, NaF and iapSnFg test groups suggests that these bacteria
have unbalanced growth.

NapSnfg, HaF and especially SnFp appears to cffect the attach-
ment mechanisms of S. muiens under continuous exposure to 10 ppm

F=.
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10. Snfp appears to be the most effective fluoride compound when

present in the environment at low concentrations.

From these quantitative and qualitative in vitro tests of the four
fluoride agents and the Snll control, it appears that the continuous
exposure of Snf2 (10 ppm F~) has the rost effect on S. mutans growth,
metabolism and attachment. Further in vivo and in vitro investigations

to determine if slowly released SnF, will prevent plaque formation and

pathogenicity is necessary to set the stage for human clinical trials.
Besides using fluorides only for their physicochemical effect on

enamel mineral solubility. These studies suggest that a slow release

fluoride agent may prove to be an effective method of plaque control.
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Quantitation of Tin in Dental Plaque Exposed to SnF, and SnCly

Introduction

SnFo was first noted in 1959 to have antiplaque effects when Kdnig
reported dramatic plague inhibition on rat molars with once a day applica-
tion of a 250 ppm SnF2 solution. These results were not pursued, possibly
due to the belief that the plaque inhibition was due solely to the
fluoride ions. However, we and others have shown that SnF2 is superior
to the other fluoride compounds in reducing plaque quantity and in re-
ducing the number of organisms adherent to enamel surfaces in vitro
(Tinanoff and Camosci, 1980).

There has been some speculation that the antiplaque mechanisms of
SnFy may be the result of the divaltent cation, tin, reacting with nega-
tively charged components of plaque and thus interfering with adhesion
or cohesion (R811a, 1976). However, because our past in vitro studies
showed a significantly greater antiplaque effect of SnFp over SnClp, we
have felt that the "surface charge theory" could not entirely explain
the antiplaque and/or antibacterial properties of SnFj.

Clectron micrographs of bacteria exposed to SnF» have shown numerous
electron dense granules within the cells and subsequent elactron micro-
probe analysis have confirmed that these granules contained tin.

The amount of tin within the cells appears to be related to the anti-
plaque activity of SnFy and SnCl2. Therefore, the purpose of the present
study was to further explore the antiplaque mechanisms of SnFy and SnCl2
and to quantitate those findings which shows tin deposits ultrastructur-
ally in those plagues treated with SnFp.

In addition to measuring tne amount of tin deposited within the cells,
the following measurements were also included: 1) bacterial acid produc-

tion, 2) size of plaque deposit and 3) the weight of the plaque deposit.
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Materials and Methods

;i A streptomycin-resistant mutant of Streptococcus mutans NCTC 10449,

Bratthall serotype c, known to produce heavy plaque in vitro (Tinanoff,

Tanzer and Freedman, 1978), to be cariogenic in rats (Tanzer, J. M.,
1979) and to be representative of the most frequently found human sero-
type in Europe and in the U.S. (Bratthall, 1972; Shklair and Keene, 1973) ;

was used in the experiments.

Stock cultures were maintained by monthly transfer in fluid thiogly-
collate medium (Difco) supplemented with meat extract (20% v/v) and
excess CaCo3. For the experiments, the cultures were adapted to growth
in the complex medium of Jordan et al. (1960), (pH 7.5) supplemented with ;

50 mg of NapCO3/1 and containing 5% sucrose.

The following fluoride solutions with appropriate controls, were
used to determine their ability to alter colonization of S. mutans on
stainless steel wires: SnFp, 250 ppm F~ (0.10%) pH 3.8; SnClz (0.12%)
equimolar to Sn in SnFp at 250 ppm F~; #aF, 250 ppm F~ (0.055%) pH 5.3;

and Ho0 (deionized) pH 6.0.
In one experiment, the pH of SnF2 and iWaF were adjusted to compare
the possible effect of undisassociated HF during plaque formation.
Stainless steel wires (0.030") were suspended by rubber stoppers
into test tubes containing Jordan's medium. The medium was then inocu-
lated with 0.1 ml of S. mutans and incubated aerobically at 37° C. After
one hour of incubation, the tubes were vortexed to ensure even distribu-

tion of the organisms on the wires. Eleven hours later, the wires were

exposed for one minute to their appropriate agents simulating a mouth-

BT

rinse regimen (Figure 10). The samples were placed in a standing rinse

of deionized water for one minute, and then transfered into fresh medium.
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This procedure was repeated every 12 hours for 2 days. After two days,
the thickness of the plaques were visually scored by the method of McCabe
et al. (1967), and the last transfer broth was measured for bacterial
acid production using the pH meter. The plaques were then removed by
scraping the deposits off the wires with a platinum lToop and depositing
each sample into a pre-weighed centrifuge tube. The tubes were centri-
fuged at 3,000 g for 15 minutes, washed 3 times in deionized water, dried
at 70° for 3 days and reweighed.

After the weights of the harvested plaque were calculated, the
samples were suspended in known quantities of 10% HC1 prior to tin anal-
ysis. Tin standards (SnCig, Alfa Div., Danvers, MA) were prepared at
1.0, 5.0, 10.0, 20.0, 30.0, 40.0 ppm Sn by dilution with 10% HC1. Tin
in the plaque samples and in the growth medium was compared to standards
using an atomic absorption spectrophotometer (Perkin-Elmer, Model 403)
equipped with a grahite furnace (HGA-74). A deuterium discharge lamp
was used to correct for non-atomic absorption signals. Preliminary
experiments had indicated that the coefficient of variation for tin
determinations was + 3%. The Sn/mg plaque was calculated by dividing
the Sn/total sample by the dry plague weight.

References for tin analysis seem to be nonexistent, therefore the
following chart describes the settings which were developed and used for

atomic absorption analysis:

Ory Char Atomize
Ramp time (sec.): 10 20 None
Temperature (C°): 100 600 2700
Length of time (sec.): 32 20 9

Wavelength: 225 nm

S1it width: 4

Argon flow: 70 mm/Hg

Sample volume: 25 yl

Recorder voltage: 10 mv

Recorder scale: 1A

Recorder sensitivity: 2

Auto high temp.: use for organic samples
Switch settings: Absorbance; repeat; 10 ave.
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Figure 10: Experimental Design - Initial Plague Formation
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Figure 1: Experimental Design - Preformed Plaque
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Results

The first experiment which examined initial plaque formation in the
presence of intermittent exposures of San, SnClZ, or HOH, showed that
after 2 days there was very little plaque formation on those specimens
exposed to SnF2 (Table 1g). Some variation of plaque thickness was noted
on those specimens treated with SnC]Z.

These visual plaque scores are numerically converted to <1 for San,
variable thickness for SnCl, and a score of 4 for the H,0 control. io
difference in acid production was found when comparing SnC12 and H,0
treatments. When the plaque was exposed to San, the almost non-existent
plaque formation prevented any pH change from occurring. Plaque exposed
to Sn012 had 60% less dry weight than the HZO control. The Sn/total
sampie is shown to verify the ppm readings recorded by the spectrophoto-
meter. When the amount of tin is divided by the plaque weight, we notice
11 times more tin in those samples exposed to SnF2 than exposed to SnClz.

In the second experiment (Table 17), where plaques were performed on
the wires and then exposed 1 minute, twice a day to the same agents as
described in the previous experiment, we can see no difference between
the amounts and consistencies of the plaques in the SnC]Z and H20 groups.
However, a difference was noted in the SnF2 exposed plaques, both by its
final plaque thickness and greater tenacity observed during the removal
of plaque from the wires.

The terminal pH measurements from the H20 and SnC]2 exposed plaques
reveal the same rate of acid production, whereas acid production in the
SnF, exposed plaque is reduced. Again, we see 10 times more Sn/mg plaque

in those plaques exposed to SnF2 when compared to SnC]z.
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The third experiment utilizes the same protocol as the second experi-~
ment except the intermittent exposures to the plaques continue for 3 more
days (once a day for 2 minutes) (Table 18). There were no differences in
the terminal pH measurements (24 hrs. growth period), plaque scores, or
dry plaque weights between any of the agents or the control in this experi-
ment. However, again we see 6 times more Sn/mg plaque in those plaques
expsoed to SnF2 when compared to SnC12.

There has been some speculation concerning the effects of fluoride
compounds at different pH's. One theory suggests that antiplaque effects
of fluorides are due to hydrogen fluoride concentrations. To test this
hypothesis, we balanced the amount of hydrogen fluoride by adjusting the
pH of the test solutions. The results show the pH of NaF or water had
little effect of plaque formation or plaque dry weight (Table 19). Again,
only Snf,, at both lTow and high acidic pH's, markedly affected plaque
formation.

In the initial plaque formation experiment and the pH experiment
(first and last experiments in this phase), the plaque samples in each
group were pooled in order to increase the detection of tin in the
samples, and therafore, no statistical analyses could be performed. In
the other two experiments, preformed plaque and the 5-day preformed
plaque experiment, the amount of Sn/mg plaque between the SnF2 and SnCl2

groups were significantly different (p < .01).

Discussion
The present series of experiments, designed to further examine the
antiplaque determinants of SnF2, have shown that SnF, has impressive anti-
plaque properties with initial plaque formation but with lesser effects

noted on preformed plaque. The decreased effectiveness of SnF2 noted
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with preformed plaque suggests that one of the antiplaque mechanisms may
be associated with adhesion/cohesion altering properties. These findings
are consistent with electron microscopic observations showing bacterial
separation from enamel and from each other when plaque is treated with
intermittent exposure to Snf, (Tinanoff et al., 1976; Tinanoff and Camosci,
1980).

Tin may be effective in altering bacterial attachment by competing
with calcium for acidic groups on the bacterial surface or acidic groups
on the pellicle or on the tooth itself (Svatun et al., 1977; R81la, 1976).
Additionally, others have noted that SnF2 reduces the surface tension at
the air-water interface of enamel (Glantz, 1969). These adhesion reduc-
ing properties of SnF2 may contribute to the noted diminished plaque for-
mation.

Previous studies have suggested that individual ion species of San
are not by themselves as effective as when these ions are in combination.
Neither stannous ions as SnC]Z, nor fluoride ions as NaF appeared as
potent as SnF2 in decreasing the amount of plaque (Tinanoff et al., 1976),
The present results which also show more substantial antiplaque proper-
ties for SnF, provice additional support for the previous findings. The
reason for the increased effectiveness of SnFp may be explained by results
of the atomic absorption analyses in the present study which shows con-
sistently higher levels of tin in those cells exposed to SnFp than to
SnCly.

The difference in bacterial cell uptake of fluoride and chloride
ions may partially explain the observations of tin deposition in plaque
treated with SnFy but not SnClp. Many authors have reported higher con-
centrations of fluoride in dental plaque than in the surrounding oral

fluids (Hardwick and Leach, 1962; Dawes et al., 1965; Jenkins and Edgar,




1969). This fluoride accumulates only within the bacterial cells (Jenkins
and Edgar, 1969). However, chloride apparently is not concentrated in
bacteria (Schultz et al., 1962, Mitchell and Moyle, 1959). Hence, the
large accumulation of tin found in the bacterial cells exposed to SnFp
could possible be explained by the transport and accumulation of fluoride
in the cells, with tin passively entering the cells coupled to the fluoride
jons.

An important feature of presently known antiplaque agents is their
ability to bind to oral structures, which aids in oral retention. The
presence of tin on and within plaque bacteria exposed only briefly to
dilute solutions of SnF, suggests that tin accumulates and is retained

in plaque. The large tin accumulation in Snf, treated plaque may be the

most important antiplaque determinant of SnfF,.
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INITIAL PLAQUE FORMATION

Terminal pH Plague Ory Plaque $n/ Total Sample Sn/ mg Plaque [
of medium Weight {ppm) (ug) i
score @ {mg) 1
Pooled Samples (7)
H,0 46 4 284 NO# ND
SnCl2
{Sn** equimolar 47 47 327 68 18
to San)
SnF,
(250 ppm F ° ) 76 <1 0.6 12 20.0
: |
a  Scored by McCabe method
g8  None Detected

¥  Variable in thickness

Table & S. mutans NCTC 10449 was grown on wires and exposed every
12 hours for 1 min. to various agents. After 2 days, the
plaque thickness on 7 wires in each treatment group was
scored, then pooled, dried, weighed and analyzed for tin.
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PREFORMED PLAQUE

Terminal pH Plaque Dry Plaque Sn/ Towl Sn/ mg Plaque
of medium e Weight Sample (ng)
N=4 Score {mg) (ppm)
H,0 5.3 5 83 + 108 ND. N.D.
SnCIz
{Sn** equimolar
to SnFy ) 55 5 88 + 08 105 + 3.4 12+ 03
SnFy
(250 ppm F °) 6.2 3 122 £ 0.7 1368 + 37.2 1.3 ¢+ 3.2
a Scored by McCabe method
8 Mean of 4 sample + S$.D.

N.D.  None Detected

Table ¥7:

S. mutans NCTC 10449 was grown on wires for 2 days and
exposed thereafter every 12 hrs. for 1 min. to various

agents for the next 2 days.

Each wire was scored for

plaque, then collected, dried, weighed and analyzed for

tin.
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PREFORMED PLAQUE (S-days)
:
Terminal pH Plaque Dry Plague Sn/ Total Sn/ mg Plaque 3
of medium a Weight Sample (ug)
N=3 Score {mg) {ppm)
t
Hy0 4.29 4 189+0.2 N.D. N.D.
. SnCl,
: (Sn** equimolar
t0 $nFp ) 428 4 226+47 670+14 31407
]
3
SnF, |
; (250 ppm F °) 4.62 4 15.7+0.8 ~ 300 19.2+10 E
a Scored by McCabe method
8 Mean of 3 sample ¢+ S$.D.

N.D.  None Detected

Table 1& S. mutans NCTC 10449 was grown on wires for 2 days and then

% exposed every 12 hrs. for 1 min. to various agents for the

next 2 days. The intermittent exposures to the wires con-

: tinued for 3 more days, once a day for 2 min. Each wire

' was scored for plaque, then collected, dried, weighed and
analyzed for tin.




pH EFFECT

Pooled Terminal pH Plaque Dry Plague Sn/ Total Sn/ mg piaque
Samples of medium e Weight sample (ug) ;
(3) score {mg) {ppm)
! pH38 4.9 2 20.2 N.O
; HO = — = —— — e, e [ — = = = — ;
N pH53 5.0 2 20.2 N.D
: . pH 38 75 <1 0.2 1 5
; 3] S B L e S N B T T
i 21 onss 70 2 45 105 233 :
@ pH 38 5.1 2 16.0 N.D 3
) NaF p—r e = = | = e = e e e = e = -t e e e e e = . . = e e = e - =
pH 5.3 5.0 2 20.1 N.D

; o Scored by McCabe method
; 8 Variable thickness

N.D. None Detected

Table 1% S. mutans NCTC 10449 was grown on wires and exposed every
, 12 hrs. for 1 min. to various agents balanced in the amount ;
: of HF by adjusting the pH. After 2 days, the 3 wires in
: each treatment group was scored, then pooled, dried, weighed
i and analyzed for tin.
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Slow Release of Fluoride From Temporary Restorative Materials

Introduction

The scope of work set out in our contract called for incorporating fluoride
compounds into Intermediate Restorative Material (IRM) so that a slow release of

fluoride, 1-2 mg F~/day, could be achieved over at least a months period. It

became obvious from in vivo and in vitro studies that stannous fluoride was the
fluoride compound with the greatest antiplaque potential, so experiments with
slow release were limited to this compound.

In last years' annual report, we presented results of trials measuring the
slow release of SnFz from IRM and zinc oxide-eugenol (ZOE). In these trials,
circular holes 16.0 mmé x 5 mm in depth were prepared in the buccal surface of

human molars. IRM and ZOE mixed to 30% or 50% SnFy (weight F~/weight powder) {

was used to fill the cavities. After a 2 day setting period, each tooth was
placed in 1 liter of normal saline which simulated the volume of saliva secreted
per day (saliva secretion is approximately 800 ml/day (J. Dent. Res. 53:246-266,
1974). The flasks were then placed in a shaker water bath at 379C and agitated
at slow speed. After each 24 hour period, a 1 ml aliquot was removed from the

flasks and set aside for fluoride analyses. After collection of the sample,

new saline was added to the test specimen. These procedures were repeated for

30 days. The results of this experiment showed that in all cases, IRM released
all fluoride after 10 days of exposure to the saline. The ZOE material showed
the greatest promise in having extended the release to 25 days; yet, the fluoride
Tevels after 12 days may have been below therapeutic levels (0.35 ppm F~). Be-
sides the acceptable long term release of fluoride from these compounds, we

also subjectively noted that when SnF; was incorporated into these two materials,
they appeared to be not "set" completely.

From these results we decided that the initial concepts of incorporating
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! SnF2 into IRM and using only the criteria of fiuoride release may have been in-
% sufficient. We decided that other dental cements needed to be tested for fluoride
% release but first we would have to examine the comprehensive strength of the
materials prior to fluoride release experiments.
The following changes in the protocol were initiated:
(1) Test other dental cements, i.e., zinc phosphate and polycarboxylate
cement, besides IRM and ZOE.
(2) Reduce the grain size of SnF, (30 mesh) by pulverizing SnFy into a
fine powder. This reduction of the size of the SnF, would consequently
reduce the pore spaces in the cements producing less effect on the
properties of the cement. E |

(3) Performing compressive strength tests on all ratios of fluoride to l

powder for all cements prior to continuation of further slow release

studies.

Materials and Methods

20E (generic), IRM (Caulk), zinc phosphate (Penwalt, S.S. White), and

polycarboxylate (Durelon, Premier) powders were combined with the pulverized

SnF2 to produce mixtures of 0, 20, 40, 60, and 70% SnF; (weight/weight). Each
cement at each ratio was then mixed with its respective cement as per manufac-

turer's instructions using either glass slab or paper slab. The cements were

PSRRI

placed in cylindrical molds, 11 mm and 4 mm in diameter. After a 2 day set,
each specimen was removed from the mold and the specimens were ground flat and
parallel to a standard height of 7.3 mm.

Compressive strength testing (the maximum stress that a material can with-
stand) for each specimen was performes induplicate with an Instron universal

testing machine and then compared to ADA specifications.

Results

Ultimate compressive strengths of polycarboxylate cement without addition
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of SnFp was 22.9+0.9 K 1bs/in2. This compares very favorably to the ADA speci-
fication for polycarboxylate cement of 10.2 K 1bs/in2. This cement held toge-
ther well in the compressive strength tests with the addition of SnF, (Figure 12).
Even at 70% SnF, incorporated into the polycarboxylate cement, the compressive
strength was 9.6 K 1bs/in2 which is almost equal to the ADA specification for
this material alone.

Zinc phosphate cement had a compressive strength of 14.0+1.9 K 1bs/in2 with-
out the addition of any fluoride. This is comparable to the ADA specification
of 17.0 K 1bs/inZ for this cement. The addition of SnF, dramatically altered the
compressive strength of the cement. With the 40% SnFp/cement ratio, the compres-
sive strength was a low 2.8+.07 K 1bs/in2,

Both IRM and ZOE failed to produce a firm set with the addition of SnF,
and for IRM compounds above 20%, SnF,/cement were not even tested. Only the
basic ZOE was tested due to the fact that the ZOE with SnF remained soft. The
unmodified IRM had a compressive strength of 5.3+1.2 K 1bs/1’n2 which is compara-
ble to the ADA specifications of 7.3. The unaltered Z0OE had a compressive strength

of 0.7 which is comparable to the ADA specification of 1.2.

Discussion

After much time expended with the slow release of fluoride from either ZOE
or IRM, it appeared that these agents are not appropriate as a slow release agent.
Both IRM and ZOE initially have a very low compressive strength and with the ad-
dition of SnFp, these materials remain soft and probably would not be an accept-
able temporary dental material. It is possible that these materials would actu-
11y work better in vivo than in our tests because moisture aids in their setting
properties. In the in vitro testing, inowever, the addition of water is such an
uncontrollable variable that it is not practical.

One big breakthrough was pulverizing SnFz prior to incorporating it into

the cement powders. By pulverizing SnFp, the "holes" in the cement are made
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smaller and more evenly dispersed. Hence, the incorporation of SnF, has less
impact on the mechanical properties of the cement.

The polycarboxylate cement was quite remarkable in its ability to have
large quantities of SnFp incorporated without deleterious effects on its com-
ressive strength. Most remarkably, polycarboxylate cement with 70% SnFp still
maintained a compressive strength of 9.7 K 1bs/in2. This is approximately the
same strength as zinc phosphate cement with only 20% fluoride incorporated into

it. ¥

We are presently performing the slow release trials with all the various o

ratios of SnFy/cement powder for polycarboxylate cement, zinc phosphate cement,

IRM, and ZOE. If we subsequently find that polycarboxylate cement releases i 3

the SnF2 at consistent levels over a 1 month period, we may truly have a slow

release system that has great potential in the future animal studies and in

clinical trials.
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AMERICAN ASSOCIATION FOR DENTAL RESEARCH
ABSTRACTS MUST BE RECEIVED BY OCTOBER 16, 1979
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Submit:

R s L

co-author, in same style as Form B).

Form A — Original and 4 Xerox copies;

box, tollowing instructions on reverse side.
Form B card — 1 original (complete blank 3x5 card for each

1. Fuil name and address of author who will present
paper.
David A. Camosci
Department of Pediatric Dentistry
Univ. of Conn. Health Center

Farmington, CT 06032

TYPE PERFECT ORIGINAL OF ABSTRACT HERE
{Do not type beyond outline of box.)

Quantity of Tin in Dental Plaque Exposed to SnF,
and SnCly. D. A. Camosci* and N. Tinanoff,
Univ. of Conn. Health Center, Farmington, CT

2. | wish my paper considered for (check one) IADR
(Japan) (3 AADR (Los Angeles) XJ

Quantitation of tin in plaque samples by atomic ab-
sorption spectrophotometry was used to further in-

3. (For NIDR Grantees ONLY.)
I wish to apply for a Trave! Assistance Grant for the
IADR meeting in Japan. (See separate instructions.)

yes O no (O

If t do not receive a grant, | wish to submit my paper to
AADR (Los Angeles).yes 3 no OO

vestigate the antiplaque mechanisms of SaF2 and
SnCly. In these experiments 42 wires suspeaded by
rubber stoppers (7/treatment group) were exposed
initially to either SnF2 (100 & 250 ppm F7), SnCl)
(Sn++ = Sn++ in 100 & 250 ppm SnF2), or H30; and
then washed in H20. Next the wires were placed in

. Mode of presentation:

X orat presentation only

read by title acceptable

O poster presentation only

O oral or poster mode acceptable

10 ml of Jordan's medium supplemented with 5% suc-
rose and inoculated with a 0.1 ml adapted §.mutans
culture. During plaque growth the wires were ex-
posed 2x/day to their respective treatments with
transfer after 24 hr to fresh media, At 48 hr (12
hr after the last treatment), the thickness of the

. Do you wish to withdraw your paper if it 1s placed in a
mode not of your choosing?
yes X no [J

plaque was visually scored and the pH of the media
from the tubes were measured. The plaque from the
7 wires of each group was then pooled, dried, and

. GROUP CLASSIFICATION

[J Behavioral Sciences [J] Oral & Maxillofacial Surgery
{J Cariology {3 Periodontal Research
(O Craniofacial Biology ([J Pharmacology. Therapeutics

O Dental Materials & Toxicology
X Microbiology, {3 Prosthodontics
Immunology {_ rulp Biology

[J Minerahzed Tissue
O Neuroscience

[J Salivary Research

~t COnc.

weighed. Tin in the samples was measured using an
atomic absorption spectrophotometer equipped with
graphite furnace. Plaque accumulation on the wires
exposed to SnF2 was barely visible after 2 days;
whereas, large accumulations were apparent on the
wires treated with SnCly and on the H20 control
wires. Acid production was greatly reduced in
those specimens exposed to SnF2. At the 100 ppm

7. SUBJECT CLASSIFICATION
O Anatomy O Nutrition
(O Biochemistry O Oral Medicine
O Celi Biology (J Orthodontics
O Chemistry {J Pathology
O Education O Physics
O Embryology O Physiology
(O Endocrinology & Preventive Dentistry
O Endodontics 0 Radiology, Radiobiology
1 Enzymology O Restorative Dentistry

(1 Epidemiology-Biostatistics [1 Temporomandibular Joint

U Genetics 3 Tissue Culture
(O Health Services O Ultrastructure
O Histology

3 Other

the SnF7 treated samples had d 14x less adher-
ent plaque (dry wt.) than the SnCl) samples. yet,
the SnF7 samples had 8x more Sn++/mg plaque. For
250 ppm, SnFo samples had 55x less plaque, but 1llx
more Sni+/mg plaque. The results suggest that SnF»
is more effective than SnCl) as an antiplaque agent
with higher concentrations showing the greatest
Gifference. These findings may be explained by the’
higher tin levels found in those samples treated
with SnFj.

Supported by U.S. Army contract DAMD 17 78 C 8066.
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Bacteriostatic and Bactericidal Effects of

Different Fluoride Compounds on S. Mutans.

G.A. FERRETTI* and N. TINANOFF, U. of Conn.
Health Ctr., Farmington, Ct.

Minimum inhibitory concentration (MIC) and min-
imum lethal concentration (MLC) of NaF, TiF
NapSnFg, SnFp, and SnClp (Sn*t = Sn*t in Sné 2)

were performed in order to determine the lowest
concentrations of these agents which either ret-
arded growth or killed S. mutans NCTC 10449. For
these tests, 1 ml of the appropriately diluted tect
agent was added to tubes containing 1 ml of tryp-
tocase soy medium which had been previously inoc-
ulated with an adapted, log phase, S. mutans cul-
ture (5X10° CFU/m] media). These tubes, plus con-
trols of diluted test agents in uninoculated med-
ium, were incubated for 18 hrs. at 350 C. The 3
MIC of each agent was determined by the lowest dil-
ution showing no visual growth after incubation.
The MLC of each agent was determined by the lowest
concentration plated on blood agar showing no
growth.

The results showed that SnFp had the lowest MIC
and MLC, 60 ppm and 125 ppmF~, respectively. Tify
had a MIC at 525 ppm and a MLC at 575 ppmF~; NaF
had a MIC at 300 ppm and a MLC at 3000 ppmF-;
Na2SnFg had a MIC at 600 and a MLC at 675 ppmF=.
SnClo was found to have a MIC at 200 ppm C1- and
a MLC at 225 ppm C17. The low bacteriostatic and ||
bactericidal activity observed for SnF2 on S. :
mutans cannot be explained by the separate action
of tin and fluoride. Also, the MIC and MLC values
of SnF2 cannot entirely account for the noted anti- i
plaque effect of this agent at lower concentratior!}
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Competitive Attachment between Streptococcus mutans and

Streptococcus sanguis in Glucose or Sucrose Supplemented Media

D. A. Camosci and N. Tinanoff

An in vitro model consisting of nichrome wires, suspended in culture tubes
inoculated with either pure cultures or mixed cultures of S. mutans NCTC 10449
(serotype c) and S. sanguis ATCC 10558 was used to study competitive bacterial
adhesion on wires. Pure cultures of S. rutans formed plaque in complex media
supplemented with either 5% sucrose or 5% glucose. However, when the S. mutans
and S. sanquis cultures were mixed for competitive attachment in either glucose
or sucrose supplemented media, S. mutans predominated on the wires as demonstra-
ted by enumeration of colony-forming units (CFU) and colonial morphology.
Macroscopically, plaque formation was observed on all wires except for the
pure cultures of S. sanguis in glucose supplemented medium. S. mutans plaques
cultured in glucose supplemented medium appeared less tenacious than those
grown in sucrose; yet enumeration of organisms on wires revealed similar CFU

of organisms from both glucose and sucrose supplemented media.

Research supported by U.S. Army Contract #DAMD 17-78-C-8066
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INTRODUCTICN

The ability of microorganisms to attach to tooth surfaces, to pro-
liferate while localized there and to cohere are presently felt to be some
of the essential factors in colonization of tooth surfaces and subsequent
pathogenicity (9, 18).

Two organisms shown to colonize teeth in vivo are S. mutans and S.
sanguis (4, 12). The appearance of S. sanguis in the oral cavity is closely
correlated with the eruption of the first teeth supporting the concept that
hard surfaces favor colonization of this species (1, 25). Even though this
organism is found in high numbers in plaque (12), it is generally considered
non-pathogenic (7, 8). In contrast, studies have shown that S. mutans pos-
sess a rather feebie ability to attach to teeth relative to such organisms
as S. sanguis and S. mitis (17, 21, 26); however, S. mutans is most impli-
cated in the carious process (2, 5, 20).

Besides this antithesis in the ability to attach and pathogenicity,
studies furthermore have suggested that S. sanguis and S. mutans may com-
pete for colonization sites on enamel; while others have suggested that
those organisms have mutual interactions which enhance colonization.
Schachtele, et al. has demonstrated the adherence of S. mutans to S. sanguis
layered on glass in the presence of sucrose, was approximately twice as
rapid as compared to the adherence of S. mutans to glass alone (22). In
contrast, de Stoppelaar, et al. has shown that in samples collected from
human teeth,an inverse relationship existed between S. mutans and S. sanguis
or a variable percent of S. sanguis was present when S. mutans was not de-
tected (6). The proportional increase of S. sanguis found in plaque sam-
ples during the carbohydrate-free period also suggested that sucrose was
not the prime requisite for the colonization of S. sanguis on the tooth sur-

face (6).
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Because of the uncertainty of the interaction between S. mutans and i
3
S. sanguis in early plaque formation, this investigation was performed to ]

explore the competitive relationship of these two species in a sucrose and

in glucose rich in vitro system.
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MATERIALS AND METHGDS

Wire Preparation

Cleaned, autoclaved 20 gauge nichrome wires, fixed to culture tube
caps were used to study the adherence of the microorganism. The length of
each wire was placed into an 18 x 150 mm culture tube so that each wire
ended 1 c¢m from the bottom of the tube. A standard iength of 1 cm was then
identified at the end of each wire by a 20° angle bend.

Microorganisms, media and growth

A streptomycin-resistant mutant of S. mutans NCTC 10449 (serotype c)
known to be a good plaque former in vitro (24) and known to be cariogenic
(Tanzer, J. M., personal comm.) and S. sanguis ATCC 10558, a species found
in high numbers in the human oral civity and considered non-cariogenic (7,
8) were studied.

Stock cultures were maintained by monthly transfer in fluid thiogly-
collate medium (Difco) supplemented with meat extract (20% v/v) and excess
CaC03. For experiments, cultures were adapted to growth in the complex me-
dium of Jordan, et al. (15), supplemented with 50 mg of NapCO3 per liter
and containing either 5% sucrose or 5% glucose. After establishing log
phase of growth in both adapted cultures, they were vigorously vortexed and
optical densities at 600 nm were determined (Gilford Instrument Lab., Model
260 spectrophotometer, Oberlin, Ohio). Equal volumes of equal optical den-
sities of S. mutans and S. sanguis were combined and again vortexed before
transferring 1.0 m1 of the mixed cultures to 10 tubes, 5 containing 10 ml
of complex medium supplemented with sucrose and 5 containing complex medium
supplemented with glucose. Non-coi.petitive attachment of S. mutans and S.
sanguis was studied by inoculating 0.5 ml of the pure isolates separately

jnto 2 tubes in complex medium containing 5% sucrose or complex medium con-
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taining 5% glucose. Immediately after inoculation, the nichrome wires were
placed in each tube and the culture tubes were incubated aerobically at 370.
After 24 hr., the wires were transferred to fresh media containing the appro-
priate 5% sucrose or 5% glucose (24).
Plate counts

After 48 hrs., the wires were gently lifted from the broth and a
sterile wire cutter was used to cut the 1 cm portion of wire into a vial
of 2.0 ml of 0.01 M phosphate buffer (pH 7.0) containing 0.05% w/v yeast
extract (BBL). Each sampie was sonicated for 30 sec. at 50 watts with the
output setting at 4 (Bronson Sonifier, Model W185 equipped with microprobe,
Heat Systems-Ultrasonic Inc., Plainview, N.Y.). This procedure separates
the plaque from the wire and disrupts virtually all bacterial chains (19).

Immediately, 1.0 ml of the sonicated sample was serially diluted to 10-4,

10°° and 10°° %"9/m1 and then spread in duplicate using 0.1 ml inoculum on
Mitis salivarius agar (MS) and Mitis salivarius agar containing 100 ug/ml of
streptomycin sulfate (Sigma Chem., St. Louis, MO) (MSS). A1l plates were in-
cubated for 2 days in a 5% CO2 environment at 350, Plates containing 30-300
colonies were counted with the aid of a darkfield Quebec colony counter

(American Optical Co., Boston, MA).
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RESULTS

Visual plaque formation, i.e., dense white adherent deposits on wires,
was evident in all the S. mutans controls and the mixed cultures irrespec-
tive of the supplemental carbohydrate. However, the S. mutans plaques
grown in glucose containing media appeared less tenaciously attached to
the wires as noted by the tendency for some plaque to be dislodged readily
from the wires.

The enumeration of CFU from the sonicated plaque samples of S. mutans
controls showed no difference between glucose grown and sucrose grown
plaques (Table 1). S. sanguis controls showed substantial CFU present on
the wires, with less organisms found in the glucose supplemented broth. The
mixed cultures containing S. mutans and S. sanquis showed the same number
of CFU on the MSS agar as well as on the MS agar in both sucrose and glu-
cose broths suggesting that the plaque on those wires consisted of only
the streptomycin resistant S. mutans organism. Furthermore, no S. sanguis
was observed by colonial morphology on any of the MS agar plates, yet both
organisms were shown to be present in the initial inoculum and after 24
hours of growth as determined by colony morphology.

Variation of the surface area of the cut wires used for enumeration
purposes were determined indirectly assuming the weight of the wire is pro-
portional to the surface area. The ccefficient of variation of gravimet-

ric measurements was calculated to be 5.8%.
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Table 1. Number of colony-forming units (CFU) of S. mutans NCTC 10449 (streptomycin resistant mutant)
and S. sanguis ATCC 10558 adherent to nichrome wire cultured in complex medium containing 5%
sucrose or 5% glucose.

S. mutans

Carbohydrate Plate media Nf S. mutans N S. sanguis N S. mwsmcdm
Sucrose Ms2 2 1.48x109+ .54c 2 58 x107+4.4 5 1.71 x 109 + .55@
Mssb 2 1.43 x 109 + .46 2 ned 5 1.78 x 109 + .68
Glucose MS 2 1.47 x 102 + .46 2 3.3 x100+4.1 5 1.30 x 109 £ .16®
MSS 2 1.47 x 109 + .54 2 NG 5  1.32 x109 + .13

a Mitis salivarius agar.

b MS + 100u4g/ml streptomycin.

¢ Standard deviation.

d No growth.

e No S. sanguis detected by colonial morphology.

f Total number of observed values
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DISCUSSION

In vitro microbiological studies generally use one microorganism and

expose the organism to different variables. In vivo, however, many organ- E ;

isms are associated with many variables and are constantly competing for i

survival. In an unbalanced condition, one organism may gain a competitive !

advantage so that it outgrows other organisms, predominates the ecosystem,
and produces pathology. This initial investigation examined one possible
variable, the type of carbohydrate associated with the proportional attach-
ment of two common plaque forming organisms, S. mutans and S. sanguis.

The results of this study suggest that S. mutans NCTC 10449 (serotype

c) when cultured in complex media supplemented with excess sucrose or glu-

PRI TL PR

cose competes successfully against S. sanquis ATCC 10558 for attachment to é ;
smooth surfaces. Unexpected, however, was the complete absence of S. sanguis
from the wires in the mixed cultures grown in both sucrose and glucose sup- ; ?
plemented broths. h

As suggested by de Stoppelaar (7), the colonization of S. mutans in

e s v ¥

vivo varies inversely with the number of S. sanguis implying that these or-
ganisms may compete. Furthermore, it has been established that frequent
ingestion of sucrose increases the number of S. mutans colonizing tooth
surfaces in experimental animals (14, 16) and man (15). Results from the
present i vitro experiment suggest other variables besides sucrose may in-
fluence the proportions of these two organisms with S. mutans predominating.

S. mutans NCTC 10449 Bratthall (serotype c) was initially chosen for

this study because it is known that this serotype is common in Europe and
the United States (3, 23). Recent data have also shown that S. mutans sero-
type ¢ and e form plaque in growth media supplemented with glucose, as well

as sucrose (24). However, lower plaque scores, most evident in those organ-

isms cultured in chemically defined medium supplemented with glucose, suggest ¢
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that plaque may be less tenacious in glucosec medium. The present study con-
firms these earlier findings of S. mutans serotype c plaque formation. How-
ever, since all experiments in the present study were performed in complex
media, only slight differences of plaque growth were observed. The differ-
ences of tenacity of attachment for S. mutans in complex media and clinically
defined media suggest that factors in complex media other than glucan may
foster tenacity of attachment.

Enumeration of S. mutans CFU on wires in glucose and sucrose complex
medium reveal similar number of organisms. Other data show no difference in bac-
terial DNA when S. mutans NCTC 10449 is cultured in chemically defined glu-
cose or sucrose supplemented media. Yet, plaque production, as shown by
plague scores, were not similar (24). It is conceivable that plaque quan-
tity may thus not necessarily be proportional to the number of organisms
present.

Since S. mutans growth in glucose is similar to that in sucrose and
S. mutans metabolizes glucose as readily as sucrose, it is apparent that for
at least S. mutans serotype a, b, and d dependence on attachment is related
to sucrose (11).

It is interesting to speculate that if S. mutans (serotype ¢) in vitro

has the ability to adhere although less tenaciously in the absence of sucrose;

in vivo, S. mutans (serotype c) might also adhere in the absence of sucrose,

yet mechanical abrasion and salivary flow could prevent proliferation and
virulence. Organisms not dislodged, however, could conceivably proliferate
and become virulent when conditions are more favorable, i.e., when sucrose is
ingested.

Further studies using this model system are indicated to explore whe-
ther: 1) coating wires with saliva; 2) decreasing carbohydrate in medium;
3) altering the proportions of the inocula; and/or 4) using different bac- -
terial strains would enhance the ability for S. sanguis to compete for attach-

ment against S. mutans.
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1 copy Dean
School of Medicine g
Uniformed Services University of the '
Health Sciences
4301 Jones Bridge Road
Bethesda, MD 20014

1  copy Commandant
Academy of Health Sciences, US Army
ATTN: AHS-COM
Fort Sam Houston, TX 78234
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